Ca2+ binding and conformational change in two series of point mutations to the individual Ca(2+)-binding sites of calmodulin.
Two series of site-directed mutations to the individual Ca(2+)-binding sites of Drosophila melanogaster calmodulin have been generated and studied. In each mutant, a conserved glutamic acid residue at position 12 in all of the Ca(2+)-binding loops has been mutated in one site. In one series the residue is changed to glutamine; in the second series the change is to lysine. The Ca(2+)-binding properties of these mutants and the wild-type protein under pseudo-physiological conditions are presented. In addition, Ca(2+)-induced changes to the environment of the single tyrosine residue (Tyr-138) have been studied for some of the mutants. Ca2+ binding to the wild-type protein is best modeled as two pairs of sites with a higher affinity pair that shows strong cooperativity. For all but one of these eight mutant proteins, only three Ca(2+)-binding events can be detected. In three of the amino-terminal mutants, the three residual sites are (i) a pair of relatively high affinity sites and (ii) a weakened low affinity site. For all four carboxyl-terminal mutations, the residual sites are three relatively low affinity sites. In general, mutations to sites 2 and 4 prove more deleterious than mutations to sites 1 and 3. The Ca(2+)-induced conformational changes in the vicinity of Tyr-138 are relatively undisturbed by mutations of site 1. However, the changes to Tyr-138 in the carboxyl-terminal site mutants indicate that upon disruption of the cooperative binding at the high affinity sites, conformational change in the carboxyl terminus occurs in two phases. It appears that binding of Ca2+ to either carboxyl-terminal site can elicit the first phase of the response but the second phase is almost abolished when site 4 is the mutated site. The final conformations of site 3 and 4 mutants are thus significantly different.